Background Presence of head injuries in patients with maxillofacial trauma is a lifethreatening condition. Prompt determination of head injury in these patients is crucial for improving patient survival and recovery. Hence, the need to know about the incidence of head injuries associated with maxillofacial trauma becomes an important aspect. Materials and Methods A total of 100 patients were included in the study. Patient with head injuries associated with maxillofacial fractures was accounted to determine the incidence and pattern of head injuries accompanying maxillofacial trauma. They were evaluated for epidemiological demographic and clinical characteristics. Results The present study had 91% predominance of male patients with age ranging from 1 to 75 years. 91% cases were as a result of RTA. The most frequent maxillofacial injury represented was the fractured mandible. The incidence of head injuries associated with maxillofacial trauma was 67 %. Among all the patterns of head injuries, concussion was the most common head injury associated with maxillofacial trauma. Conclusion In our study, the risk of head injury increased significantly as the Glasgow Coma Scale score decreased and with increase in the number of facial fractures. There was association between head injury and maxillofacial trauma.
Introduction
Maxillofacial injuries may be limited to superficial lacerations, abrasions over the face and also may be associated with multiple injuries to the head, chest, abdomen, cervical spine or extremities [1] [2] [3] .
The closeness of maxillofacial bones to the cranium would suggest that there are chances of cranial injuries occurring simultaneously [4] [5] [6] . Historically, the facial architecture has been perceived to be a cushion against impact, protecting the neurocranium from severe injury [2, 7] . However, some recent investigations have suggested that the face may actually transmit forces directly to the neurocranium, resulting in more serious brain injuries [8] [9] [10] [11] [12] .
In view of this, it is essential that the practicing surgeon be aware of the consequences of the associated head injuries and also their management. This study therefore evaluates the individuals with traumatic injuries to the maxillofacial skeleton from different mechanisms to calculate the incidence of head injury associated with it, the type of head injury and the role of the maxillofacial surgeon in identifying this comorbid condition.
The aim of the present study was to determine the incidence and pattern of head injuries accompanying maxillofacial trauma as assessed by oral and maxillofacial surgeon in patients who sustained maxillofacial fractures, with the objective to assess the lifethreatening conditions in cases of head injury accompanying maxillofacial fractures under neurological service, to document the incidence and features of associated head injuries with maxillofacial trauma and to evaluate the pattern of head injuries in patients with maxillofacial trauma and relationship between them.
Patients and Methods
A total of 100 patients who were the victims of maxillofacial trauma reporting to the emergency department of Basaveshwar Teaching and General Hospital (Tertiary hospital), Kalaburagi, Karnataka, were included in our prospective study conducted over a period of 1 year between September 2012 to August 2013
The age, gender, etiology of trauma and maxillofacial injuries of the patients were recorded using a standard proforma devised for the study. The maxillofacial fractures were classified based on the location such as nasal fracture, maxillary fracture, mandibular fracture, frontal bone fracture, lower orbital rim fracture and zygomatic fracture which were diagnosed by a primary clinical examination supported by a CT scan.
Patient with head injuries associated with maxillofacial fractures was also accounted to determine the incidence and pattern of head injuries accompanying maxillofacial trauma.
The patients were also assessed for any associated head injury if any. Injuries to the brain were suspected clinically by Glasgow Coma Scale (GCS) and confirmed by the CT scan, which was also used to diagnose any spine injuries.
Results
A total of 100 patients who reported to the emergency unit (casualty) at Basaveshwar Teaching and General Hospital, Kalaburagi, Karnataka, with a varied history of trauma ranging from simple fall to road traffic accident (RTA) were examined.
Patients of maxillofacial fractures with associated head injuries were further categorized into four groups:
1. Cases which return to normal conscious level within 6 h were classified as concussion injury and cerebral edema. 2. Intracranial hematoma group: Cases with subarachnoid hematoma, subdural hematoma, epidural hematoma and intracerebral hemorrhage. 3. Skull fracture group: Cases with pneumocephalus and skull base fractures. 4. Cerebral contusion group: Cases with cerebral contusion and laceration.
The demographic profile revealed the distribution of head injury according to sex showing 91 male patients and 9 female patients. Out of these patients, 60 males and 7 female patients had concomitant head injury (Fig. 1) .
The age of the patients ranges from 1 to 75 years, with mean age 31.14 years. Patients were divided into four age groups: group I: below 10 years, group II: 10-30 years, group III: 30-50 years and group IV: 50 years and above. Majority of the patients were in the age group of 10-30 years accounting for 50 patients out of which 31 patients had concomitant head injury. Only 1 out of 4 patients in the age group of below 10 years, 26 out of 37 patients in the age group of 30-50 years and all the 9 patients in the 50 years and above age group had concomitant head injury (Fig. 2) .
RTA is the leading cause for all maxillofacial traumas. There were 91 patients who allegedly met in RTA out of which 63 patients had concomitant head injury. The other causes of maxillofacial trauma such as self fall, assault, pressure cooker blast, bullock cart hit accounted for only 9 patients out of which 4 had concomitant head injury (Fig. 3) .
Based on Glasgow Coma Scale (GCS) scoring, the patients were categorized into three groups: group I: 3-8 score, severe head injury; group II: 9-12 score, moderate head injury; and group III: 13-15 score, mild head injury. Based on these scoring, severe head injury was detected among 9 patients, moderate head injury in 37 out of 39 patients and mild head injury in 21 out of 52 patients. The risk of head injury increased significantly as the GCS score decreased (Fig. 4) .
A total of 171 fractures of maxillofacial skeleton were reported. The most frequent maxillofacial injury represented was the fractured mandible 46 (26.90%) followed by fractured zygomatico-maxillary complex 32 (18.71%), zygomatic arch 24 (14.04%) and frontal bone 18 (10.53%) (Fig. 5) .
Among all the patterns of head injuries, concussion accounting for 38.46% was the most common head injury associated with maxillofacial trauma followed by pneumocephalus 21.79%, subdural hematoma and intracerebral hemorrhage 11.54% each (Fig. 6) .
Among all patterns of maxillofacial fractures, mandible fracture was associated with 22.27% head injury, followed by fractures of zygomatico-maxillary complex (ZMC) fracture 18.9%, maxilla 17.55% and frontal bone 14.18% (Fig. 7) .
In our study, 27 out of 51 patients (54%) had head injuries associated with only one maxillofacial fracture. A total of 22 out of 30 patients (73.33%) had head injuries associated with two maxillofacial fractures. Eighteen out of 19 patients (94.73%) had head injuries were associated with three and more maxillofacial fractures. The risk and severity of head injury increased as the number of facial fractures increased. There is significant association of head injuries with maxillofacial trauma (p \ 0.05) (Fig. 8) .
Discussion
Global mobilization and urbanization has led to the emergence of trauma as one of the leading health problems, with maxillofacial trauma being no exception. Nowadays, facial injuries have become a quotidian situation in the emergency rooms as the face is highly vulnerable to trauma due to the fact that it is the most exposed region of our body. Injuries can be incurred in situations such as the road traffic accidents, fall from height, interpersonal violence, animal attacks and sports. Facial trauma many a times occur in association with injuries to other organ systems of the body, and in such cases, there is an increase in the morbidity levels, demanding immediate intervention and management.
The spectrum of maxillofacial injuries presenting in the trauma unit ranges from dento-alveolar fractures, nasal bone fractures, mandibular fractures, maxillary fractures, frontal bone fractures, naso-orbito-ethmoid fractures, panfacial fractures to penetrating injuries. Patients with maxillofacial fractures may have concomitant intracranial, pulmonary, intra-abdominal or extremity injuries [3] [4] [5] .
While nature has protected the brain with a complete helmet of thick bone of great strength, the bony areas of the face (concerned with vision, taste, smell, mastication and cosmetics) are more fragile [4] . It has been proposed that the face may protect the brain from injury the way an airbag protects the chest in a motor vehicle crash. In many countries, cranial injury have been found to be the most common accompanying organ injury in patients with maxillofacial trauma which includes head traumas, intracranial hemorrhages, closed head traumas (brain contusion or laceration) and skull fracture [5, 6] . A close relationship between maxillofacial fracture and intracranial injury has also been reported in the literature [4-6, 13, 15] .
Generally, the presence of amnesia, emesis, vomiting, loss of consciousness or a low Glasgow Coma Scale (GCS) score is important findings for suspicion of a cranial injury [14] . However, in patients with maxillofacial trauma, head injuries may be seen without observing these findings [14, 15] . Presence of head injuries in patients with maxillofacial trauma is a lifethreatening condition increasing the mortality [13, 14] . But, according to Fonseca et al. [16] , the exact relationships between different types of facial fractures and brain injuries have not been firmly established in studies yet.
Males comprised the majority of patients accounting for 91 %, with females only 9 % in the study. The calculated Chi-square value was 0.12(\ 3.84 for p = 0.05) indicating The age ranged from 1 to 75 year with the mean age 31.14 years. Majority of the patients in this study were found to be in 10-30 years of age group. The calculated Chi-square value was 8.37([ 7.81 for p = 0.05) indicating significant association between age and head injuries.
This correlates to studies reported in the literature [2, 17] , but does not correlate to the studies conducted by Kloss et al. [15] in which they found no significant association between head injuries and age.
The etiology being road traffic accident in our study is consistent with the most of the studies reported [14, 17] . The calculated Chi-square value was 1.29(\ 3.84 for p = 0.05) indicating no significant association between etiology and head injuries which correlates with study reported [14] but is in disagreement with studies reported [8, 19] which states that there is a statistical association between etiology and head injury.
Glasgow Coma Scale (GCS) is a scale which indicates the prognosis of traumatic patients. This scale is simple and fast in the scoring of traumatic patients in emergencies. GCS ranges from 3 to 15. Lower scores indicate worse prognosis. According to the studies, mortality of the patients with GCS 3-4 is about 90% [24] . Severe head injury was detected in all of the 9 patients with GCS score of 3-8. Moderate head injury was observed in 37 out of 39 (94.87%) patients with GCS score of 9-12 and mild head injury in 21 out of 52 (40.38%) patients with GCS 13-15. The risk of head injury increased significantly as the GCS score decreased in groups. In our study, there was statistical association between GCS and head injury where calculated Chi-square value was 34.79 ([ 5.99 for p = 0.05) which correlates with the studies reported by Daphna IŞ IK [14] .
Head injury has been reported as associated with facial fracture in 5.4-87 % of patients [1, 4, 5] . This wide range is probably due to different selection criteria and methods of detecting brain injury. The incidence of head injuries associated with maxillofacial trauma in our study was 67 %, which is in agreement with the studies [1, 19] but is in contrast to various other studies [20, 21] . These conflicting results may be due to methodological differences between various studies or cultural and habitual differences in various populations being studied [20] .
In neurological injuries, various studies show concussion with normal brain study (closed head injury) to be associated more frequently with facial fractures [1, 9, 13, 20, 28] Among all the patterns of head injuries, in the study group also had concussion (38 %) as the most common head injury associated with maxillofacial trauma.
In our study, mandible fracture in association with other maxillofacial fractures was mostly associated with concussion with normal brain study (closed head injury) and with other types of head injury accounting for 22.27 % correlating with studies reported in the literature [17, 22] , followed by zygomatico-maxillary complex (ZMC) fracture 18.9 %, maxilla 17.55 % and frontal bone 14.18 %. There was increased risk of head injury with increase in number of fractures p value 16.29 ([ 12. 59 for p = 0.05). This result correlates with the studies reported [2, 14] , but in contrast with study [8] in which they did not find increased risk of head injury with increase in number of fractures. They presumed that there might be a correlation between increased forces and rotational components to the cranial vault with an increased number of fractures to the facial bones.
Excessive consumption of alcohol is strongly associated with facial injuries [5, [25] [26] [27] [28] . In our study, 80% of the patients were under alcohol influence. The higher consumption of alcohol and substance abuse has further enhanced the statistical record of RTAs in our country. Alcohol impairs judgment, brings out aggression, often leads to interpersonal violence, and is also a major factor in motor vehicle accident. Al Ahmed et al. [29] in a review of 230 cases of maxillofacial injuries in Sharjah, United Arab Emirates, reported no cases were associated with alcohol abuse. This discrepancy may be explained by differences between one country and another, in the strictness of laws governing the sale and consumption of alcohol which may be effective in preventing alcohol-related injuries.
In our studies, we reported 4 cases of children, out of which only one had severe head injury with GCS score of 3. Various etiologies were self fall, hit by a bullock cart and RTA. Children are uniquely susceptible to craniofacial trauma because of their greater cranial to body mass ratio [30] . The reasons for the lower incidence of facial fractures in children can be concluded as the face is smaller in relation to the rest of the head, there is a lower proportion of cortical bone to cancellous bone in the children's faces, poorly developed sinuses make the bones stronger, and fat pads provide protection for the facial bones [31, 32] .
In our study, we found statistical association between head injury and maxillofacial trauma, p value 16.29 ([ 12. 59 for p = 0.05). The risk and severity of head injury increased as the number of facial fractures increased. In our study, facial fractures did not prevent head injuries but were markers for an increased likelihood of head injuries. This is in correlation with studies reported [8] [9] [10] [11] but in contrast to studies [2, 23] who suggested that facial bones act as a protective cushion for the brain, explaining the fact that injuries that crush the facial bones frequently cause no apparent brain damage. Chang et al. [23] suggested that the maxilla, together with the neighboring bones, is capable of absorbing considerable impact force, thus protecting the brain from direct collision.
Through this study, it is observed that the major cause of head injury is the road traffic accident (RTA). This leads to the inference that there is the need for implementation of stringent road safety measures which include speed limitation, ordinance on mandatory donning of helmet and seat belt apart from providing geometrically designed roads of improved quality.
Secondly, this study suggests that it is incorrect to view the fractures to the facial skeleton as an isolated one, because, it is, as evidentially established in this study, associated with more grave, and sometimes fatal head injuries require thorough evaluation at the time of presentation. Surgical management of such traumatized patients with head and neck trauma is highly individualized and depends on a number of factors including etiology, concomitant injuries, age of the patient and the possibility of an interdisciplinary procedure. This study facilitates a conclusion that knowledge of the associated injuries ensures proper care and faster recovery. Only a multidisciplinary and coordinated approach can vouch for optimum success in the treatment of patients with facial fractures with associated injuries.
Conclusion
Maxillofacial injuries are one of the common features of road traffic accidents (RTA) and other means of trauma, with the head and face being the first part of the body acting as a secondary missile during ejection from a motor vehicle. In motor vehicle accidents, the head is often subjected to forces in multiples of that of gravity.
Head injuries are more serious consequences usually associated with such incidents which need to be attended earlier. In this prospective study, there was a significant association between head injuries and maxillofacial trauma. The risk of head injury increased as the number of maxillofacial fractures increased and the GCS decreased.
Hence every maxillofacial fracture patient must be carefully evaluated clinically and radiologically to rule out any underlying head injury and to decrease the incidence of mortality rate. Quick diagnosis and early intervention are fundamental to prevention of morbidity as well as mortality especially with regard to prevention of traumatic brain injury (TBI) as even a short duration of hypoxia and edema will lead to significant permanent neurological deficits.
Hence this study which intends to analyze the incidence of head injuries is very important and recommended. More research into the mechanism of force transduction, additional risk factors for minor brain injury and long-term functional consequences clearly is needed.
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